Transgenic ethylene-insensitive tobacco (Tetr) plants spontaneously develop symptoms of wilting and stem necrosis when grown in nonautoclaved soil. Fusarium oxysporum, F. solani, Thielaviopsis basicola, Rhizopus stolonifer, and two Pythium spp. were isolated from these diseased Tetr plants and demonstrated to be causal agents of the disease symptoms. Pathogenicity of the two Pythium isolates and four additional Pythium spp. was tested on ethylene-insensitive tobacco and Arabidopsis seedlings. In both plant species, ethylene insensitivity enhanced susceptibility to the Pythium spp., as evidenced by both a higher disease index and a higher percentage of diseased plants. Based on the use of a DNA probe specific for Pythium spp., Tetr plants exhibited more pathogen growth in stem and leaf tissue than similarly diseased control plants. These results demonstrate that ethylene signaling is required for resistance to different root pathogens and contributes to limiting growth and systemic spread of the pathogen.
The gaseous plant hormone ethylene regulates developmental processes and is involved in interactions between the plant and its environment. For example, ethylene is involved in seed germination, growth of roots and shoots, xylem differentiation, formation of storage organs such as tubers and bulbs, flower development, fruit ripening, and senescence. Ethylene production is increased upon exposure to abiotic and biotic stresses, including extreme temperatures, drought, anaerobic conditions, wounding, herbivory, and infection by viral, bacterial, and fungal pathogens (Abeles et al. 1992) .
The role of ethylene in plant-pathogen interactions seems ambiguous. Ethylene often has been reported to increase disease development. As ethylene promotes senescence, chlorosis, and necrosis, it could increase disease severity by causing or accelerating similar symptoms during pathogen attack. Exogenously applied ethylene increases disease severity of Verticillium wilt on tomato, and gray mold, caused by Botrytis cinerea, on rose, carnation, tomato, pepper, bean and cucumber (Boller 1991) . In tobacco, increased ethylene levels stimulate the expansion of lesions caused by Tobacco mosaic virus (Knoester et al. 2001) . Bent and associates (1992) reported reduced symptom development in the ethylene-insensitive Arabidopsis mutant ein2-1 after infection with virulent bacterial strains of Pseudomonas syringae and Xanthomonas campestris. Similarly, the ethylene-insensitive tomato mutant 'Never Ripe' shows reduced disease development after inoculation with Pseudomonas syringae, X. campestris, or the fungal pathogen Fusarium oxysporum (Lund et al. 1998) .
Although ethylene can aggravate disease symptoms in various plant-pathogen interactions, its perception appears to be required for basal resistance to several bacterial and fungal pathogens. Hoffman and associates (1999) reported that ethylene-insensitive soybean mutants are more susceptible to Septoria glycines and Rhizoctonia solani. Similarly, Arabidopsis mutant ein2-1 shows enhanced susceptibility to B. cinerea (Thomma et al. 1999) , Erwinia carotovora (Norman-Setterblad et al. 2000) , Pseudomonas syringae, and X. campestris (Ton et al. 2002) , in seeming conflict with the observations of Bent and associates (1992) . As in ein2-1, enhanced susceptibility to B. cinerea is observed in the jasmonate-signaling mutant coi1-1 . Conversely, treatment of wild-type Arabidopsis with either ethylene, its precursor ACC, or jasmonate (JA) increases resistance to B. cinerea (Thomma et al. 1999) and Pseudomonas syringae (Pieterse et al. 1998) , associated with the activation of the plant defensin gene PDF1.2 (Penninckx et al. 1996 Pieterse et al. 1998) . Moreover, the expression of the PDF1.2 gene after infection with B. cinerea depends on functional EIN2 and COI1 genes (Penninckx et al. 1996; Thomma et al. 1998 Thomma et al. , 1999 . It has been generalized that, in Arabidopsis, basal resistance to different necrotrophic pathogens depends on both ethylene and JA signaling (Thomma et al. 2001a, b) . Accordingly, the JA nonaccumulating triple mutant fad3-2 fad7-2 fad8 shows enhanced susceptibility to the necrotizing oomycete Pythium jasmonium (initially characterized as P. mastophorum; Vijayan et al. 1998) . Similarly, the JA-insensitive jar1-1 mutant was found to be more susceptible to P. irregulare than wild-type plants (Staswick et al. 1998) . Knoester and associates (1998) In this study, the extent to which Tetr plants are more susceptible to soilborne fungi than nontransformed tobacco plants was investigated. Several fungi and oomycetes were isolated from Tetr plants showing spontaneous symptoms of wilting and stem necrosis. These isolates were identified and tested for their pathogenicity on control and Tetr tobacco plants. To evaluate the role of ethylene perception in interactions with Pythium spp. in more detail, different Pythium isolates were tested on control and Tetr tobacco. In addition, to elucidate if ethylene insensitivity enhances susceptibility to Pythium spp. in other plant species, the isolates were tested on wild-type and ethylene-insensitive mutants of Arabidopsis.
RESULTS

Tetr18 plants are infected by different root pathogens.
When grown in nonautoclaved soil, Tetr18 plants developed symptoms of wilting and stem necrosis between 5 and 12 weeks after germination. Nontransformed control plants growing in the same soil never developed symptoms of disease. Autoclaving the soil twice prior to sowing prevented disease development in Tetr18 plants. These observations are in full accordance with previously reported data 
Tetr18 plants show increased susceptibility to Pythium spp.
Because plants are generally more susceptible to Pythium infection at the seedling stage (Martin and Loper 1999) , 2-weekold control and Tetr18 seedlings were tested for their susceptibility to different Pythium spp. Roots were dipped in a mycelial suspension of the Pythium isolates Nt15d and Nt59d (Table 1) , as well as four additional selected Pythium spp.: P. sylvaticum, isolated previously from diseased Tetr tobacco ; P. irregulare and P. jasmonium, both isolated from Arabidopsis (Staswick et al. 1998; Vijayan et al. 1998) ; and P. aphanidermatum, isolated from cucumber (Postma et al. 2000) and described as pathogenic on tobacco (Chen et al. 1996) . Disease development was monitored for 18 days. Control seedlings of nontransformed and Tetr18 tobacco that were mock inoculated with distilled water never developed symptoms of disease. When inoculation was performed with the aggressive Pythium isolate Nt59d, both control and Tetr18 plants developed symptoms of wilting and necrosis within a few days. Thereafter, a substantial percentage of the plants died. The mortality rate of Tetr18 plants was two-to threefold higher than that of control plants, clearly reflecting their enhanced susceptibility to isolate Nt59d (Fig. 1A) . Some other Pythium isolates were less virulent and did not cause plant death; thus, a different parameter to describe disease severity was required. Therefore, a disease index was used that took into account the extent of wilting and stem necrosis (Fig. 1B) . However, individual plants differed in their behavior in that, after initial development of disease symptoms, some plants recovered, whereas others did not. This phenomenon is masked when disease development is expressed by the index, but becomes manifest when the percentage of diseased plants is used as a parameter (Fig. 1C) . The latter method of presentation clearly distinguishes control from Tetr18 plants and is most informative about the dynamics of disease development. Therefore, this parameter was used to quantify disease development in all further bioassays. As with Pythium isolate Nt59d, inoculation with isolate Nt15d resulted in a significantly higher percentage of diseased Tetr18 than control plants, when tested with repeated-time measures ( Fig. 2 ). Inoculation with P. irregulare, P. jasmonium, and P. sylvaticum caused symptoms in Tetr18 plants but not in control plants. However, the latter two isolates caused symptoms in a small percentage of plants only. Only the increase in disease development upon inoculation with P. irregulare was significant, using repeated-time-measures statistics. The pathogen P. aphanidermatum caused almost 100% of both control and Tetr18 plants to become diseased. However, when disease pressure was reduced, the percentage of diseased plants was decreased more strongly in control than in Tetr18 plants (Fig. 3) . Thus, Tetr18 is also more susceptible than control tobacco to P. aphanidermatum.
After 18 days, plants with disease symptoms as well as most plants that had recovered from initial wilting symptoms were reduced in size. Pythium infections that resulted in a significant percentage of diseased plants (Fig. 2 ) also caused a significant reduction in plant shoot weights (Fig. 4) , irrespective of the Pythium isolate used.
Pythium isolate Nt59d colonizes shoot tissue of Tetr18 more effectively.
To investigate whether the enhanced symptom development of Tetr18 plants correlates with an increased growth of Pythium spp. in the shoot tissue, a specific probe was developed to detect the 5.8S rRNA of the pathogen. In the first experiment, 200 2-week-old seedlings of control and Tetr18 tobacco were inoculated with Pythium isolate Nt59d. After 5 days, the amount of pathogen-specific RNA was estimated in plants with different disease severities (disease indexes 0 to 4; Fig.  5A ). The distribution of plants in classes with disease indexes 0, 1, 2, 3, and 4 was 45, 17, 16, 19, and 3%, respectively, for control plants, and 12, 7, 7, 37 , and 37% for Tetr18 tobacco. When plants with the same disease index (d.i.) were compared, Tetr18 plants contained substantially more pathogenspecific RNA in the shoot tissues than control plants. The pathogen was detected in Tetr18 plants with moderate symptoms of disease (d.i. = 2); whereas, in control plants, the pathogen was detected only in severely diseased plants (d.i. = 3). RNA of seedling roots could not be isolated because of the small root mass and degradation of the RNA in rotting tissue. The completely necrotic control seedlings (d.i. = 4) were too few for analysis.
In order to obtain more tissue for RNA extraction, 85 4-week-old control and Tetr18 plants were inoculated in a similar experiment (Fig. 5B) . Of the control plants, only 8% had developed slight symptoms of disease (d.i. = 1) after 5 days. In contrast, almost all Tetr18 plants were diseased at this time point, with a distribution in classes with disease indexes 0, 1, 2, 3, and 4 of 5, 1, 5, 5, and 84%, respectively. Pathogen-specific RNA was not detected in control plants, including those with d.i. = 1. In contrast, the pathogen was detected in Tetr18 plants with d.i. = 1. This also was true for Tetr18 plants with d.i. = 2 to 4. Tetr18 plants with d.i. 3 and 4 contained relatively high levels of pathogen-specific RNA and low levels of tobacco-specific RNA, probably as a result of increased amounts of the pathogen and degradation of tobacco RNA due to tissue necrosis. These data demonstrate that growth of the pathogen in the shoot tissue of Tetr18 plants is increased compared with control plants.
To investigate if Pythium isolate Nt59d infects not only the root but also the shoot tissue of Tetr18 plants more readily than that of control plants, tobacco stems were wound inoculated by needle-pricking through a droplet of Pythium suspension. Control plants never developed symptoms. In contrast, some Tetr18 plants developed severe symptoms of stem rot and wilting within 3 days, but the percentage of diseased plants never exceeded 50% (data not shown). All Tetr18 plants that developed symptoms died within a week. These results demonstrate that Tetr18 plants also are more susceptible to stem infection by Pythium spp. than control plants.
Arabidopsis ein2-1 mutants show increased susceptibility to Pythium spp.
To study if ethylene insensitivity also results in increased susceptibility to Pythium spp. in other plant species, the six Pythium isolates were tested on wild-type Arabidopsis plants and three of its mutants. The etr1-1 mutant was used because it provided the mutant gene for the Tetr tobacco transformants. The ethylene-insensitive mutant ein2-1 was used in addition, because triple-response assays revealed that this mutant had a stronger ethylene-insensitive phenotype than etr1-1. Growing etr1-1 seedlings on agar medium containing 5 µM 1-aminocyclopropane-1-carboxylic acid (ACC) resulted in a significant reduction in hypocotyl length compared with seedlings growing on medium without ACC (Fig. 6) . In contrast, ein2-1 mutants did not show hypocotyl shortening at this ACC concentration. The isolates of P. irregulare and P. jasmonium that are used in this study were isolated from diseased JA-insensitive (jar1-1; Staswick et al. 1998 ) and JA-nonaccumulating (fad3-2 fad7-2 fad8; Vijayan et al. 1998 ) Arabidopsis mutants, respectively. Therefore, jar1-1 was used as a positive control to check the pathogenicity of these isolates.
Comparable to tobacco, Arabidopsis seedlings inoculated with Pythium spp. developed symptoms of wilting, necrosis, and growth reduction. Inoculation of etr1-1 plants never resulted in more plants with disease symptoms than inoculated wild-type plants. However, as tested with repeated-time measures, isolates Nt15d, Nt59d, P. sylvaticum, P. jasmonium, and P. irregulare did cause significantly more disease symptoms in mutants ein2-1 and jar1-1 than in wild-type plants (Fig. 7) . Wild-type plants showed hardly any disease symptoms upon inoculation with isolate Nt15d, P. sylvaticum, or P. aphanidermatum, and largely recovered within 2 weeks after inoculation with isolate Nt59d, P. irregulare, or P. jasmonium. As observed in tobacco, a negative correlation between the percentage of diseased plants and the final average fresh weight was present in Arabidopsis plants. By 19 days after inoculation, most wild-type plants did not show symptoms of disease anymore. However, the shoot weights were significantly reduced upon treatment with all isolates except P. sylvaticum (Fig. 8) , indicating that the pathogens had affected the plants at earlier time points.
DISCUSSION
Several fungi and oomycetes were isolated from diseased Tetr18 plants growing in nonautoclaved potting soil, including Pythium spp., Rhizopus sp., T. basicola, and Fusarium spp. These results confirm the earlier observations by Knoester and associates (1998) , who isolated Pythium spp., Rhizopus spp., and T. basicola from spontaneously diseased Tetr plants. The isolates caused symptoms of disease in ethylene-insensitive tobacco plants when applied as agar plugs with mycelium at the stem base of 5-week-old plants. Such inoculation of nontransformed control plants never resulted in development of disease symptoms. This demonstrates that basal resistance to these root pathogens is strongly impaired in ethylene-insensitive tobacco plants.
When different Pythium spp. were applied in a different manner (i.e., as dense mycelial suspensions) to 2-week-old seedling roots, isolates Nt15d and Nt59d caused symptoms of disease in control plants too, although to a lesser extent than in Tetr18 plants. This indicates that these isolates can act as pathogens of tobacco under seedling conditions or at high inoculum density. The low number of Tetr18 seedlings developing symptoms of wilt after inoculation of the roots with P. irregulare, P. jasmonium, or P. sylvaticum (Fig. 2) and the lack of symptom development in control seedlings suggests a relatively low pathogenicity of these isolates on tobacco. The isolate of P. sylvaticum used was described previously to be very virulent on Tetr18 tobacco ). Apparently, this isolate had lost most of its virulence during storage.
Tobacco seedlings developed symptoms of wilting and necrosis within a few days upon inoculation with Pythium isolate Nt59d. When comparing shoot tissues of control and Tetr18 plants within the same disease class, Tetr18 contained substantially more pathogen than control plants. Possibly, the ethylene insensitivity leads to reduced symptom development, as described for other plant-pathogen interactions (Bent et al. 1992; Lund et al. 1998 ). However, the ethylene insensitivity of Tetr18 also results in enhanced susceptibility to Pythium spp. If reduced symptom development and increased disease susceptibility both are involved, the enhanced susceptibility of Tetr18 plants is even more pronounced than can be concluded from disease symptoms alone.
An explanation for the increased shoot colonization of Tetr18 plants would be an enhanced susceptibility of the shoot tissue to the pathogen. This possibility is supported by the observation that Tetr18 plants are susceptible to stem inoculation with Pythium spp., whereas control plants are not. Therefore, it can be hypothesized that roots of both control and Tetr18 tobacco plants are infected by Pythium spp., but subsequent colonization of the stem and leaf tissues occurs much more efficiently in Tetr18 than in control plants. As described by Martin (1995) , Pythium spp. can differ in the extent to which root tissues are colonized. Such a difference in the extent of root colonization also may explain the observed (partial) recovery of control plants, but not Tetr18 plants, by 5 days after root inoculation. Control plants suffering from wilting symptoms due to colonization of root epidermal or cortical cells only might recover by producing new, uninfected roots that reestablish water transport. In contrast, when the pathogen colonizes and destroys the vascular stele and subsequently the stem tissues, as observed in Tetr18 plants, water transport cannot be restored. Additionally, ethylene-insensitive tomato and petunia plants were demonstrated to be impaired in their ability to make adventitious roots (Clark et al. 1999) ; therefore, it is conceivable that nontransformed tobacco plants also produce new roots more readily than Tetr18 plants after destruction of the root system.
Ethylene-insensitive Arabidopsis reacted similarly to infection by Pythium spp. This was clearly demonstrated by the ein2-1 mutants, which were enhanced susceptible compared with wild-type plants. Surprisingly, the etr1-1 mutant appeared to be as resistant as wild-type Arabidopsis. Triple-response assays revealed, however, that the etr1-1 mutant was less insensitive to ethylene than the ein2-1 mutant (Fig. 6) . The remaining responsiveness to ethylene of the etr1-1 mutant might be responsible for a similar resistance as in wild-type plants. So far, enhanced susceptibility of Arabidopsis to P. irregulare (Staswick et al. 1998) and P. jasmonium (Vijayan et al. 1998) has only been demonstrated for JA-signaling mutants. We demonstrate here that, in Arabidopsis, resistance to five different Pythium spp. also is dependent on ethylene signaling. Thomma et al. ( , 1999 reported enhanced susceptibility of Arabidopsis to other necrotizing pathogens due to impaired ethylene or JA signaling, indicating that both ethylene and JA are important for resistance to necrotrophic pathogens in Arabidopsis (Thomma et al. 2001a, b) . In tobacco, ethylene insensitivity also results in enhanced susceptibility to several necrotizing pathogens (i.e., Pythium spp., Fusarium spp., R. stolonifer, and T. basicola). This suggests that resistance to necrotrophic pathogens in tobacco and Arabidopsis depends on similar signal transduction pathways, and that both depend on ethylene.
Root invasion by Pythium spp. is characterized by a degradation of host cell walls. Plants may respond actively to Pythium invasion by deposition of secondary wall thickenings and lignification (Martin 1995) . Thus, cell wall structure appears to be a significant factor in Pythium resistance. Ethylene can alter lignification, cell wall synthesis, and cell wall composition (Abeles et al. 1992 ). Ethylene-insensitive tobacco and Arabidopsis plants show increased susceptibility to Pythium spp.; therefore, ethylene might play a crucial role in the reglation of cell wall formation before or after attack by Pythium spp. and other necrotizing pathogens. Further research on the role of ethylene in cell wall formation will be important to elucidate conserved mechanisms of resistance to a broad spectrum of pathogens.
MATERIALS AND METHODS
Plant material.
Tetr18 ) and corresponding nontransformed tobacco (Nicotiana tabacum cv. Samsun NN) plants were grown in a greenhouse with a cycle of 16 h of light at 24°C and 8 h of dark at 21°C. Wild-type Arabidopsis thaliana ecotype Columbia (Col-0), its weakly ethylene-insensitive mutant etr1-1 (Bleecker et al. 1988) , its strongly ethylene-insensitive mutant ein2-1 (Guzman and Ecker 1990) , and its JA-insensitive mutant jar1-1 (Staswick et al. 1998) were grown in a growth chamber with a cycle of 8 h of light at 24°C and 16 h of dark at 20°C. Seed were sown on river sand with halfstrength Hoagland nutrient solution (300 ml/kg) and grown for 2 weeks at relative humidity (RH) = 100%. After 2 weeks, the seedlings were transplanted into 0.6-liter pots (N. tabacum) or 0.1-liter pots (A. thaliana) containing an autoclaved mixture of potting soil and river sand (12:5, vol/vol) . RH was maintained at 70% and plants were watered two to four times a week. Once a week, the plants were supplied with half-strength Hoagland nutrient solution.
Triple-response assays with A. thaliana Col-0 and ethyleneinsensitive mutants etr1-1 and ein2-1 were performed as described previously (Ton et al. 2001 ).
Isolation and test for pathogenicity of fungi and oomycetes.
Stems of tobacco plants showing symptoms of wilt and stem necrosis were cut in pieces, which were rinsed with tap water and surface sterilized by incubation in 70% ethanol (60 s), 1% NaClO 3 (3 to 5 min), and 70% ethanol (30 s), successively. The pieces were washed three times for 3 to 5 min in sterile water, cut into slices 2 to 4 mm thick, and patted dry on sterile filter paper. The slices were transferred to different agar media supporting growth of a wide variety of microorganisms (i.e., water agar, potato dextrose agar [Difco, Le Pont de Claix, France], or malt extract agar [2% malt extract, Difco] medium with or without penicillin at 100 mg/liter and streptomycin at 200 mg/liter). After 1 to 5 days of incubation at 23°C, mycelium of developing fungal and oomycetous colonies was transferred to fresh agar medium. To test selected isolates for pathogenicity, five agar plugs (8-by-8 mm) containing mycelium were placed against the stem base of 6-week-old control and Tetr tobacco plants growing in autoclaved soil.
Pythium isolates and inoculation experiments.
In addition to the isolates obtained from diseased Tetr18 plants in this study, four other Pythium isolates were used to inoculate tobacco and Arabidopsis plants: P. sylvaticum , P. irregulare (Staswick et al. 1998) , P. jasmonium (Vijayan et al. 1998 ; strain 101876, CBS, Baarn, The Netherlands), and P. aphanidermatum (Postma et al. 2000) . Pythium isolates were grown on liquid V8 medium (20% [vol/vol] V8 juice + 0.05 M CaCO 3 , pH 7.3) at 25°C for 14 days. Mycelium was washed three times in distilled water, patted dry, weighed, and homogenized in distilled water with a blender for 30 s. Some isolates did not produce oospores in vitro; therefore, suspensions were adjusted to a mycelial mass of 15 g/liter.
For root inoculation of tobacco and Arabidopsis, roots of 2-week-old seedlings were dipped for 1 to 2 s in distilled water (mock inoculation) or a mycelial suspension prior to transplanting in the soil-sand mixture. For each treatment, 12 tobacco or 20 Arabidopsis plants were used. For stem inoculation of tobacco, 5-to 6-week-old plants were placed horizontally and a 20-µl droplet of distilled water (mock inoculation) or mycelial suspension was applied onto the stem. Three needle pricks were applied through the droplet. One day later, the plants were placed in their vertical position again.
All inoculation experiments were repeated at least once with similar results.
Quantification of disease symptoms.
Disease severity was assessed using a d.i. score where 0 = no disease symptoms; 1 = less than 30% of leaves wilting; 2 = more than 30% of leaves wilting, sometimes first symptoms of stem (base) necrosis; 3 = all leaves wilting, necrosis of stem (and leaf) tissue; and 4 = plant completely necrotic. By the end of each experiment, fresh weights of the shoots were determined. Differences in the percentages of plants showing disease symptoms (d.i. = 1 and higher) were statistically analyzed using the repeated measures option of the statistical program SPSS 8.0 for Windows. Statistical analysis of the shoot weight data was performed using independent samples t tests and Bonferroni correction. Triple-response assays were statistically analyzed by one-way analysis of variance. Sambrook and associates (1989) .
Colonization of tobacco by
One microgram of RNA was denatured using glyoxal and dimethyl sulfoxide as described by Sambrook and associates (1989) and separated by gel electrophoresis on 1.5% agarose gels in 10 mM sodium phosphate buffer (pH 7.0). The RNA was blotted onto Hybond-N + membrane (Amersham Pharmacia Biotech, Roosendaal, The Netherlands) by capillary transfer, using a 25-mM sodium phosphate solution (pH 7.0) as blotting buffer. The membrane was washed in 20 mM Tris-Tris-HCl (pH 8.0) and prehybridized in 7% SDS, 1 mM EDTA, and 0.5 M sodium phosphate (pH 7.2). Hybridization was performed at 65°C with a random-prime-a-32 P-labeled (Ready-To-Go labeling kit; Amersham Pharmacia Biotech) probe that was specific for 5.8S ribosomal RNA of Pythium isolate Nt59d (see below). The membrane was rinsed once in 0.3 M NaCl, 0.037 M Na-citrate, and 0.5% SDS, washed three times in the same solution at hybridization temperature for 15 min, and exposed to a Molecular Imager FX screen (Bio Rad, Veenendaal, The Netherlands).
Development of the 5.8S RNA specific probes.
In order to obtain a probe that is specific for the ribosomal RNA of Pythium spp., polymerase chain reaction (PCR) primers were developed based on ribosomal DNA sequences that are conserved among Pythium spp. Sequences of P. ultimum (accession number D86515) and closely related oomycetes (Peronospora manshurica [AB021711], P. destructor (AB021712), Phytophthora sojae [L41385], and P. nicotianae [L41383]) were aligned by computer (MegAlign, DNASTAR, Madison, WI, U.S.A.). From two conserved sequences, a forward (5-GAAGGATCATTACCACAC-3) and reverse (5-TACGGA-CACTGATACAG-3) primer were selected (PrimerSelect, DNASTAR) that amplified a 390-bp fragment of the P. ultimum rDNA containing internal transcribed spacer 1 and the complete 5.8S subunit. A PCR was performed using genomic DNA of Pythium isolate Nt59d as a template. The amplicon was labeled and used as a probe as described above.
A probe that is specific for ribosomal RNA of tobacco was developed in a similar way. Ribosomal sequences of tobacco cvs. Bright Virginia, Burley, Havana, Kentucky, and Xanti Yaka (accession numbers AJ012358, AJ012359, AJ012362, AJ012364, and AJ012367)were aligned. The selected forward (5-GCGGGGGACTTGTGCTTCTTTTGA-3) and reverse (5-TCGCCGTGGACTCGCATTTAGG-3) primers amplified a 310-bp fragment of the rDNA containing the complete 5.8S subunit. Genomic DNA of tobacco cv. Samsun NN was used as template in the PCR.
